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Context — Novel NSF Missions

e What? e How?
— Satellites < 10 kg — HIGHLY constrained
— Size, mass, power
e Why? — Cost, schedule

— Great potential
— Training the next generation e Seven NSF missions funded.
— Innovative and creative
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RAX @ UMich Cinema @ UC-Berkeley CADRE @ UMich



NSF Launches

e RAX launched 19 Nov 2010, STP-S26.
e Two more missions scheduled for Oct 2011.
 NASA manifesting other missions.

Delta Il, next NSF mission on NPP
launch

RAX launch from Kodiak, AK on a Minotaur IV.



From Single to Constellations

e Constellations of 50 + missions—adhoc and planned

e Data generation examples
— 270 MB/day, 1.2 GB/experiment per satellite
— Consider satellite limitations and constraints for downlink

Mothership
deployer The proposed ARAMADA constellation of Univ. of Michigan shown here. The first

satellite, called CADRE, is funded by NSF.



e Existing networks
examples
— NASA NEN, USN, AFSCN
— Traditional

e Harness adhoc networks
— Idle ground stations
— Heterogeneous
— Globally coverage

— Software defined

— U N rel F b | e Map of global amateur ground stations.



We Ask Three Basic Questions

1. How much capacity does a ground station
network have?

2. How much data does a satellite need to
download?

3. How do we optimize data downloads?



Flexible model for variety of satellite classes, ground station

networks, mission architectures, scheduling constraints.
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AeroCube-2 Satellite
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Orbital Parameters

Capacity Assessment
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AeroCube3, CP6, HawkAat
Orbital Parameters

Capacity Assessment
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Question 2: Satellite Model



Question 3: Optimization
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Optimization Example

Data Downlinked, Mbits/day
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a) Data Downlinked, UHF Station

Data Downlinked, Mbits/day
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b) Data Downlinked, S-band Station




Optimization Example

Data Downlinked, Mbits/day
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Conclusions

e Growing number of extremely interesting small satellite
missions
— Funded by Universities, NSF, DoD, and NASA
— Highly resource constrained

e These missions are forcing new paradigms in ground station
technologies.
— Missions possible only with NEW technology
— Opportunity to explore new paradigms applicable to a broader class of
space missions

 Next steps...

1. Developing intelligent scheduling algorithms for
dynamic networks

2. Objective functions and algorithms for global
optimization of satellite contacts and operations



Questions?



